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(54) Luminescence device, display apparatus and metal coordination compound 

(57) A luminescence device is principally constituted by a pair of electrodes and an organic compound layer dis- 
posed therebetween. The layer contains a metal coordination compound represented by the following formula (1): 
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CyC 
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n 



wherein M denotes Ir, Rh or Pd; n is 2 or 3; CyN denotes a substituted or unsubstituted cyclic group containing a 
nitrogen atom connected to M and capable of containing another nitrogen atom and/or a sulfur atom; and CyC denotes 
a substituted or unsubstituted cyclic group containing a carbon atom connected to M and capable of containing a 
nitrogen atom and/or a sulfur atom, CyN and CyC being connected to each other via a covalent bond, and each of 
substituents for CyN and CyC being selected from the group consisting of a halogen atom; nitro group; a trialkylsilyl 
group containing three linear or branched alky I groups each independently having 1 - 8 carbon atoms; and a linear or 
branched alkyl group having 1-20 carbon atoms capable of including one or at least two non-neighboring methylene 
groups which can be replaced with -O-, -S~, -CO-, -CO-O-, -O-CO-, -CH=CH- or -C=C- and capable of including a 
hydrogen atom which can be replaced with a fluorine atom; with the proviso that a sum of nitrogen atom and sulfur 
atom present in ring structures of CyN and CyC is at least 2. 
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Description 
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Alq3: tris(8-hydroxyquinoline) aluminum (aluminum-quinolinol complex), 

<x-NPD: N4,N4 , -dl-naphthalene-l-yl-N4,N4 , -diphenyl-biphenyl-4 t 4'-diamlne (4,4 , -bls[N-(1-naphthyl)-N-phenyl 
amino]biphenyl), 

CBP: 4,4'-N,N'-dicarbazole-biphenyl, 
55 BCP: 2,9-dimethyl-47-diphenyl-1 JO-phenanthroline, 

lr (PPy>3 : tec tris(2-phenylpyridine)iridium (iridium-phenylpyridine complex), and 

PtEOP: 2,3,7 f 8,12,13,17 f 18-octaethyl-21H f 23H-porphine platinum (platinum-octaethyl porphine complex). 
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wherein M denotes Ir, Rh or Pd; n is 2 or 3; CyN denotes a substituted or unsubstituted cyclic group containing a 
nitrogen atom connected to M and capable of containing another nitrogen atom and/or a sulfur atom; and CyC denotes 

to a substituted or unsubstituted cyclic group containing a carbon atom connected to M and capable of containing a 
nitrogen atom and/or a sulfur atom, CyN and CyC being connected to each other via a covalent bond, and each of 
substituents for CyN and CyC being selected from the group consisting of a halogen atom; nitro group; a trialkylsilyl 
group containing three linear or branched alkyl groups each independently having 1 - 8 carbon atoms; and a linear or 
branched alkyl group having 1 - 20 carbon atoms capable of including one or at least two non-neighboring methylene 

is groups which can be replaced with -O-, -S-, -CO-, -CO-O-, -O-CO-, -CH=CH- or -C=C- and capable of including a 
hydrogen atom which can be replaced with a fluorine atom; with the proviso that a sum of nitrogen atom and sulfur 
atom present in ring structures of CyN and CyC is at least 2. 

[0030] The present invention provides a display apparatus including the above-mentioned luminescence device and 
drive means for driving the luminescence device. 
20 [0031] These and other objects, features and advantages of the present invention will become more apparent upon 
a consideration of the following description of the preferred embodiments of the present invention taken in conjunction 
with the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

25 

[0032] Figures 1 A, 1B and 1C are respectively a schematic sectional view of a layer structure of a luminescence 
device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

30 

[0033] In the case where a luminescence layer for an organic EL device is formed of a carrier transporting host 
material and a phosphorescent guest material, a process of emission of light (phosphorescence) may generally involve 
the following steps: 

35 (1 ) transport of electron and hole within a luminescence layer, 

(2) formation of exciton of the host material, 

(3) transmission of excited energy between host material molecules, 

(4) transmission of excited energy from the host material molecule to the guest material molecule, 

(5) formation of triplet exciton of the guest material, and 

40 (6) emission of light (phosphorescence) caused during transition from the triplet excited state to the ground state 

of the guest material. 

[0034] In the above steps, desired energy transmission and luminescence may generally be caused based on various 
quenching and competition. 

45 [0035] In order to improve a luminescence efficiency of the EL device, a luminescence center material per se is 
required to provide a higher yield of luminescence quantum. In addition thereto, an efficient energy transfer between 
host material molecules and/or between host material molecule and guest material molecule is also an important factor. 
[0036] Further, the above-described luminescent deterioration in energized state may presumably relate to the lu- 
minescent center material per se or an environmental change thereof by its ambient molecular structure. 

50 [0037] For this reason, our research group has extensively investigated an effect of use of the metal coordination 
compound of formula (1) as the luminescent center material and as a result, has found that the metal coordination 
compound of formula (1) allows a high-efficiency luminescence (e.g., luminescence efficiency of at least 1 cd/W) with 
a high brightness (luminance) for a long period (e.g., a luminance half-life of at least 500 hours at an initial luminance 
of 100 cd/m 2 ) (i.e., a decreased luminescent deterioration in energized state). 

55 [0038] The metal coordination compound represented by the above formula (1) according to the present invention 
causes phosphorescence (luminescence) and is assumed to have a lowest excited state comprising a triplet excited 
state liable to cause metal-to-ligand charge transfer (MLCT* state). The phosphorescent emission of light (phospho- 
rescence) is produced during the transition from the MLCT state to the ground state. 
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2£? A Phosphorescence yield (P(m)) is obtained based on the following equation: 

2JH (S> = (S(m)/S(s)) x W«VA(m)), wherein P(m) represents a phosphorescence yield of an (unknown^ 
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6 



EP1 191 612 A2 



generally difficult to expect the resultant EL characteristics for the phosphorescent material by simply removing a part 
of characteristics from photoluminescence results. 

[0053] As a result of our investigation on various phosphorescence metal coordination compounds (including the 
metal coordination compound of formula (1 )), we have found that a high-efficiency luminescence can be achieved in 
s the case where a metal coordination compound has a molecular causing intramolecular rotation and exhibits a peak 
emission wavelength of at least 550 nm. 

[0054] The intramolecular rotation is a phenomenon such that atomic groups disposed opposite to each other via a 
single bond (as a rotation axis) in molecule are rotated relative to each other. More specifically, in the molecular structure 
of the metal coordination compound of formula (1 ), the cyclic group CyN containing nitrogen atom and the cyclic group 

10 CyC containing carbon atom are bonded to each other via covalent bond, so that the covalent bond can function as 
an intramolecular rotation axis for the cyclic groups CyN and CyC. However, the intramolecular rotation between the 
cyclic groups CyN and CyC is suppressed by two connections between the nitrogen atom of CyN and the center metal 
M and between the carbon atom of CyC and the center metal M. Accordingly, herein, the intramolecular rotation of 
ligand means a rotation on a single bond (as intramolecular rotation axis) between a ring structure of CyN and a 

is substituent therefor or on a single bond between a ring structure of CyC and a substituent therefor. Accordingly, a high- 
efficiency luminescence may be attributable to suppression of intramolecular rotation of ligand leading to a decrease 
in quenching path within molecule caused by the intramolecular rotation at the time of luminescence of metal coordi- 
nation compound. 

[0055] Further, as a result of our investigation on ligands of various phosphorescence metal coordination compounds 
20 regarding a relationship between a luminescence efficiency and a dipole moment calculated based on a semi-empirical 
molecular orbital method (AM1), we have found that a high-efficiency luminescence is achieved in the case where a 
metal coordination compound contains a ligand having a dipole moment of at most 7 debye, preferably at most 4 debye, 
and exhibits a peak emission wavelength of at least 550 nm. 

[0056] This may be attributable to suppression of localization of electric charges of ligands, thus suppressing inter- 
ns molecular interactions, e.g., between metal coordination compound molecules and between a guest material molecule 
(e.g., molecule of the metal coordination compound of formula (1)) and a host material molecule (e.g., molecule of 
CBP used in Examples described later) thereby to decrease the quenching path between their molecules to improve 
a luminescence efficiency. 

[0057] Further, the magnitude of dipole moment of ligand is a factor for determining a lowest excited state affecting 
30 a degree of luminescence efficiency. The lowest excited state includes the above-mentioned MLCT* (metal-ligand 
charge transfer) state and tot* state. In many cases, the MLCT* state provides a relatively high phosphorescence 
efficiency luminescence efficiency). This may be attributable to such a phenomenon that the metal M as a heavy atom 
directly affects a resultant luminescence state, thus effectively causing spin-orbit interaction to increase a resultant 
phosphorescence efficiency. When a ligand has a larger dipole moment, an excitation from a site having a larger 
35 (electric) charge distribution within the ligand to a site having a smaller charge distribution becomes advantageous. In 
other word, the nn* excited state is stabilized to be disadvantageous to improvement in phosphorescence efficiency 
as described above. 

[0058] The luminescence device (EL) device according to the present invention employs the above-mentioned metal 
coordination compound in an organic (compound) layer, particularly a luminescence layer. 
40 [0059] Specifically, the luminescence device may preferably include the organic layer comprising the metal coordi- 
nation compound between a pair of oppositely disposed electrodes comprising a transparent electrode (anode) and a 
metal electrode (cathode) which are supplied with a voltage to cause luminescence, thus constituting an electric-field 
luminescence device. 

[0060] The liquid crystal of the present invention has a layer structure shown in Figures 1 A to 1C as specifically 
45 described above. 

[0061] By the use of the metal coordination compound of formula (1) of the present invention, the resultant lumines- 
cence device has a high luminescence efficiency as described above. 

[0062] The luminescence device according to the present invention may be applicable to devices required to allow 
energy saving and high luminance, such as those for display apparatus and illumination apparatus, a light source for 

so printers, and backlight (unit) for a liquid crystal display apparatus. Specifically, in the case of using the luminescence 
device of the present invention in the display apparatus, it is possible to provide a flat panel display apparatus capable 
of exhibiting an excellent energy saving performance, a high visibility and a good lightweight property. With respect to 
the light source, it becomes possible to replace a laser light source of laser beam printer currently used widely with 
the luminescence device according to the present invention. Further, when the luminescence device of the present 

55 invention is arranged in independently addressable arrays as an exposure means for effecting desired exposure of 
light to a photosensitive drum for forming an image, it becomes possible to considerably reducing the volume (size) of 
image forming apparatus. With respect to the illumination apparatus and backlight (unit), the resultant apparatus (unit) 
using the luminescence device of the present invention is expected to have an energy saving effect. 
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20 [0066] In the above structural formulas (Ph to Pz), an unconnected covalent (single) linkage extended in an upper- 
left direction or a lower-left direction is a linkage connected to the center metal M, and the other unconnected covalent 
linkage extended in an upper direction or a lower direction is a linkage connected to an adjacent cyclic group. 
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Table 5 (continued) 
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Table 7 (continued) 
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Table 8 (continued) 
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[0067] Hereinbelow, the present invention will be described more specifically based on Examples with reference to 
the drawing. 

Examples 1-10 

[0068] * In these examples, the following metal coordination compounds 1-10 were used in respective luminescence 
layers for Examples 1-10, respectively. 

Compound 1 
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Compound 6 




Compound 7 
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Compound 8 




Compound 9 
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Compound 10 



Co 



5S~=E======= 

[00711 On the ITO-formedTh^'tl h V patt f rn,n9 to have an (°PP°s.ng) electrode area of 3 mm* 

Wto^^SSS2?52^ ° r9an,C yefS *" meta ' e ' eC,r0de ' ayere Shown below wer * ««- 
y ormeo oy vacuum (vapor) deposition using resistance heating in a vacuum chamber (1 CH Pa). 

Organic layer 1 (hole transport layer 13) (40 nm)- a-NPD 

?Zt wS) (,UmineSCenCe ,3yer 12> (2 ° nm): mWure °' CBP:metal C -P- <""*■ coordination compound) 

Organic layer 3 (electron transport layer 16) (30 nm)- Alq3 

Metal electrode layer 1 (metal electrode 11) (15 nm): AI-LI alloy (Li = 1 8 wt %) 

Metal electrode layer 2 (metal electrode 11 ) (1 00 nm): Al 

i-Ls^ rrrhe^jr r taken oi r the vacuum chamber and was 

factors, such as oxygen and ^» (SSZ? * ^ ^ ^ S ° 33 * ^ d6ViCe deteriorati °" 

S of h 7 e o ESS SSS^ZffSS S? r usly ap ?? 9 a vo,,a9e at a ~— — 

(metal) electrode (as a cathode), SESTh mTa^uZen of SSZ^UTi 1'°*° ( " an M) and the Al 
[0074] The results are shown in Table 10 appearing hereinafter. 
Comparative Example 1 




[0076] The results are shown in Table 10 below. 

Table 10 



Ex. No. 


Compound No. 


Luminance half-life (Hr) 


Ex. 1 
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Table 10 (continued) 
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6 


800 
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850 


Ex.8 
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600 


Ex.9 
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Ex. 10 


10 


900 


Comp.Ex. 1 


ir(ppy) 3 


350 



[0077] As is apparent from Table 10, compared with the conventional luminescence device using lr(ppy) 3 , the lumi- 
nescence devices using the metal coordination compounds of formula (1) according to the present invention provide 
longer luminance haif-lifes, thus resulting in an EL device having a high durability (luminance stability) based on a good 
stability of the metal coordination compound of formula (1 ) of the present invention. 

Examples 11-16 

[0078] In these examples, metal coordination compounds of formula (1 ) (Compounds 11-16) were used in respective 
luminescence layers for Examples 11-16, respectively. 



Compound 1 1 
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Compound 13 
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Compound 1 4 
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Compound 15 
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Compound 1 6 




[0079] Each of luminescence devices having a structure shown in Figure 1C were prepared in the following manner. 
20 [0080] On a glass substrate (transparent substrate 1 5), a 1 00 nm-thick film (transparent electrode 1 4) of ITO (indium 
tin oxide) was formed by sputtering, followed by patterning to have an (opposing) electrode area of 3 mm 2 . 
[0081] On the ITO-formed substrate, three organic layers and two metal electrode layers shown below were succes- 
sively formed by vacuum (vapor) deposition using resistance heating in a vacuum chamber (10 4 Pa). 

25 Organic layer 1 (hole transport layer 13) (40 nm): a-NPD 

Organic layer 2 (luminescence layer 12) (20 nm): mixture of CBP: metal coordination compound of formula (1) 
(93:7 by weight) 

Organic layer 3 (exciton diffusion prevention layer 17) (10 nm): BCP 
Organic layer 4 (electron transport layer 16) (30 nm): Alq3 
30 Metal electrode layer 1 (metal electrode 11) (15 nm): Al-Li alloy (Li = 1.8 wt. %) 

Metal electrode layer 2 (metal electrode 11) (100 nm): Al 

EL characteristics of the luminescence devices using the metal coordination compounds of formula (1) (Com- 
pounds 11 - 16) were measured by using a microammeter ("Model 4140B 0 , mfd. by Hewlett-Packard Co.) for a 
current density under application of a voltage of 12 volts (current-voltage characteristic), using a spectropho- 
35 tofluoro-meter ("Model SR1 ", mfd. by Topcon K.K.) for a peak emission wavelength PE (luminescence spectrum), 

and using a luminance meter ("Model BM7\ mfd. by Topcon K.K.) for a luminescence efficiency (luminescence 
luminance). Further, an energy conversion efficiency was obtained according to the following equation: 

^ Energy conversion efficiency (1 m/W) 

= (k x luminescence efficiency 
(cd/A))/applied voltage (V). 

45 

[0082] All the above-prepared luminescence devices showed a good rectification characteristic. 
[0083] The results are shown in Table 11. 

Comparative Example 2 

50 

[0084] A comparative luminescence device was prepared and evaluated in the same manner as in Example 11-16 
except that the metal coordination compound of formula (-1) was changed to Ir-phenylpyrimidine complex (lr(ppy) 3 ) 
shown below. 
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[0085] The results are shown in Table 11 below. 
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[0086] As shown in Table 1 1 , compared with the luminescence device using I r(ppy) 3 (Comparative Example 2) show- 
ing Xp E = 510 nm, the luminescence devices using the metal coordination compound of formula (1) according to the 
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mo™ * in wh« t n 0 tK Sh0W ! d IOn9er P6ak emiSSi °" wavele "9ths (Xp E = 552 - 620 nm) by ca. 40 - 110 nm 

with that (19 0 ctfAi oHhe luSSlf h > ,uminescence devi ces of the present invention compared 

Emm A^Snli! ,Um,nesce , nce dev,ce USI "9 T(PPy)3 may be attributable to the above phenomenon 

pounds 13 and SS * 552 " 575 «" ™* <*- 

Zn ILI": TTtZToIZT^^T- 11 eXhibite ' 3 ,uminescence ^ency (6.3 cd/A) re.atively larger 

KaT 1 *' ' UmineSCenCe devices usin 9 Com P°^ 11-16 exhibited the peak emission wave.engths of at 

Example 1 7 (Synthesis of Compound 11) 
[0095] 



lr(CH 3 COCHCOCH 3 ) 3 



cK3 




Sn n' n „^° m| - ,ou : " ecked ,lask - 100 ml °f glycerol was placed and heat-stirred for 2 hou* at 130 - 140 X while 
supplying nitrogen gas therein in the form of bubbles followed bv cooino tnim»r k» =t=^ J , . 
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Example 18 (Synthesis of Compound 12) 
[0098] 



5 




[0099] In a 1 liter-three necked flask, 33.70 g (185.8 mM) of 2-chlorc-5-trifluoromethylpyridine, 23.77 g (185.8 mM) 
15 of thiophene-2-bronic acid, 200 ml of toluene, 1 00 ml of ethanol and 200 ml of 2M-sodium carbonate aqueous solution 
were placed and stirred in a nitrogen gas stream at room temperature. Under stirring, to the mixture, 6.66 g (5.76 mM) 
of tetrakis (triphenylphosphine) palladium (0) was added, followed by heat-refiuxing for 5 hours under stirring in nitrogen 
gas stream. 

[0100] After the reaction, the reaction mixture was cooled, followed by extraction with cool water and toluene. The 
20 organic layer was washed with water until the system showed neutral, followed by distilling off of the solvent under 
reduced pressure to obtain a residue. The residue was purified by silica gel column chromatography (eluent: 
toluene/hexane = 2/1 ) and recrystallized from ethanol to obtain a pale yellow crystal. The crystal was purified by alumina 
column chromatography (eluent: toluene) and recrystallized from ethanol to obtain 20.3 g of 2-(5-trifluoromethylpyrid- 
ine-2-yl)thiophene (Yield: 47.6 %). 

25 



30 

lr(CH 3 COCHCOCH 3 ) 3 




F 3 C 



40 [0101] In a 200 ml-four necked flask, 100 ml of glycerol was placed and heat-stirred for 2 hours at 130- 140 °C while 
supplying nitrogen gas therein in the form of bubbles, followed by cooing to 100 °C by standing. To glycerol, 2.74 g 
(12.0 mM) of 2-(5-trifluoromethylpyridine-2-yl)thiophene and 1 .00 g (2.0 mM) of Iridium (III) acetyl acetonate were add- 
ed, followed by heat-refluxing for 8 hours under stirring in nitrogen gas stream. 

[0102] After the reaction, the reaction mixture was cooled to room temperature and poured into 600 ml of 1 N-HCI. 
45 The resultant precipitate was recovered by filtration and washed with water, followed by drying for 4 hours at 100 °C 
under reduced pressure and purification by silica gel column chromatography (eluent: chloroform) to obtain 0.35 g of 
Iridium (III) tris[2-(5-trifluoromethylpyridine-2-yl)thiophene] (red powder) (Yield: 20.0 %). 



25 



Example 19 (Synthesis Compound 13) 
[0103] 
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(OH) 2 




lr(CH 3 COCHCOCH3) 3 




N- 




[0107] After the reaction, the reaction mixture was cooled to room temperature and poured into 600 ml of 1 N ho. 
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Example 20 (Synthesis Compound 14) 



[0108] 
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H 3 C— C^V-B 



Br 




H 3 C 




10 



(OH) 2 



15 [01 09] In a 1 liter-three necked flask, 27.0 g (1 71 .2 mM) of 2-bromopyridine, 24.3 g (1 71 .2 mM) of 5-methylthiophene- 
2-bronic acid, 180 ml of toluene, 90 ml of ethanol and 180 ml of 2M-sodium carbonate aqueous solution were placed 
and stirred in a nitrogen gas stream at room temperature. Under stirring, to the mixture, 6.42 g (5.55 mM) of tetrakis 
(triphenylphosphine) palladium (0) was added, followed by heat-refluxing for 9 hours under stirring in nitrogen gas 
stream. 

20 [01 10] After the reaction, the reaction mixture was cooled, followed by extraction with cool water and toluene. The 
organic layer was washed with water until the system showed neutral, followed by distilling off of the solvent under 
reduced pressure to obtain a residue. The residue was purified by silica gel column chromatography (eluent: 
toluene/hexane = 5/1) to obtain a pale yellow crystal. The crystal was purified by alumina column chromatography 
(eluent: toluene) and successively recrystallized from ethanol and hexane to obtain 12.4 g of 2-(pyridine-2-yl)-5-meth- 

25 ylthiophene (colorless crystal) (Yield: 41 .3 %). 



[01 1 1 ] In a 200 ml-four necked flask, 1 00 ml of glycerol was placed and heat-stirred for 2 hours at 1 30 - 1 40 °C while 
supplying nitrogen gas therein in the form of bubbles, followed by cooing to 100 °C by standing. To glycerol, 2.10 g 
(12.0 mM) of 2-(pyridyl-2-yl)-5-methylthiophene and 1.00 g (2.0 mM) of Iridium (III) acetylacetonate were added, fol- 
lowed by heat-refluxing for 8 hours under stirring in nitrogen gas stream. 
45 [01 12] After the reaction, the reaction mixture was cooled to room temperature and poured into 600 ml of 1N-HCI. 
The resultant precipitate was recovered by filtration, washed with water, and dissolved in acetone followed by removal 
of the insoluble matter by filtration and distilling-off of acetone under reduced pressure to obtain a residue. The residue 
was purified by silica gel column chromatography (eluent: chloroform) to obtain 0.31 g of Iridium (III) tris[2-(pyridine- 
2-yl)-5-methylthiophene] (red powder) (Yield: 21 .7 %). 
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Example 21 (Synthesis Compound 15) 
[0113] 
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lr(CH 3 COCHCOCH 3 ) 3 




F 3 G 




ronowea Dy neat-refluxing for 8 hours under stirring in nitrogen gas stream 
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Example 22 (Synthesis Compound 16) 
[0118] 



10 




'5 [0119] In a 200 ml-four necked flask, 5.16 g (28.4 mM) of 2-chloro-5-trifluoromethylpyridine, 5.06 g (28.4 mM) of 
benzo[b]thiophene-2-bronic acid, 25 ml of toluene, 12.5 ml of ethanol and 25 ml of 2M-sodium carbonate aqueous 
solution were placed and stirred in a nitrogen gas stream at room temperature. Under stirring, to the mixture, 1.02 g 
(0.88 mM) of tetrakis (triphenylphosphine) palladium (0) was added, followed by heat-refluxing for 7.5 hours under 
stirring in nitrogen gas stream. 

20 [0120] After the reaction, the reaction mixture was cooled on an ice bath to precipitate a crystal. The crystal was 
recovered by filtration, followed by washing with water and further washing with methanol. The crystal was purified by 
alumina column chromatography (eluent: chloroform) and recrystallized from chloroform to obtain 2.90 g of 2-(5-trif- 
luoromethylpyridine-2-yl)benzo[b]thiophene (Yield: 36.5 %). 



30 

lr(CH 3 COCHCOCH 3 ) 3 



35 




*o [0121] In a 200 ml-four necked flask, 100 ml of glycerol was placed and heat-stirred for 2 hours at 130 - 140 °C while 
supplying nitrogen gas therein in the form of bubbles, followed by cooing to 100 °C by standing. To glycerol, 2.82 g 
(10.1 mM) of 2-(5-trifluoromethylpyridine-2-yl)benzo[b]thiophene and 1.00 g (2.0 mM) of Iridium (III) acetylacetonate 
were added, followed by heat-refluxing for 8 hours under stirring in nitrogen gas stream. 

[0122] After the reaction, the reaction mixture was cooled to room temperature and poured into 600 ml of 1 N-HCI. 
45 The resultant precipitate was recovered by filtration, washed with water, and dissolved in acetone followed by removal 
of the insoluble matter by filtration and distilling-off of acetone under reduced pressure to obtain a residue. The residue 
was purified by silica gel column chromatography (eluent: chloroform) to obtain 0.24 g of Iridium (III) tris[2-(5-trifluor- 
omethylpyridine-2-yl)benzo[b]thiophene] (red powder) (Yield: 11.4 %). 

so Example 23 

[0123] With respect to ligands of the metal coordination compounds (Compounds 11, 12, 13 and 16) prepared in 
Examples 17, 18, 19 and 22, respectively, dipole moments were calculated based on the semi-empirical molecular 
orbital method (AM1) as to the case where a conformation of respective ligands was such that respective two ring 
55 structures connected via a covalent bond were present in an identical plane. 

[01 24] The results are shown in Table 1 2 together with the corresponding EL device characteristics (peak emission 
wavelength and luminescence efficiency) shown in Table 11. 
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Table 12 



Compound No. 


Dipole-moment (debye) 


*PE ( nm > 


Luminescence efficiency (cd/A) 


11 


1.8 


552 


6.3 


12 


3.7 


565 


4.0 


13 


1.3 


600 


3.1 


16 


8.6 


620 


0.6 



Sh ° W ? in Tab ' e 12 ' " h3S b6en ,0und that a "^-efficiency luminescence was realized in the case where 
550 nm ^ 3t m ° St 7 ^ Preferably 34 m0St 4 deb ^ and the P eak «** " waveCh ^ a^eaLt 

mula 6 m IcL^n b ^K ereinab0 ( Ve aCCOrdinQ ,0 PreSent invention ' ,he metal coordination compound of the for- 
mula (1) according to the present .nvention has a higher phosphorescence luminescence efficiency and a *u£L 

ir^zrr" suiBb * * a — - - el **• sSKsaasr 

fUlflL • ' uminescence device (EL device) using the metal coordination compound of formula (1 ) accordina to the 

Kssrzsssssssr - s h * h - - — - ~ 

SlJIir^^T? f** 18 a pair of electrodes and an organlo oootnoond layer die- 

posed therebetween. The layer oontains a metal coortlnuan compound represented by the totloaSnslZSmf 



^CyC ) n 



(1), 



Claims 

1 - iSXSf^tl^r ° r9aniC C ° mP0Und ' ayer COmpriSi " a 3 — --"Pound rep- 



M- 



„CyN 
I 

CyC 



n 



(1), 



wherein M denotes Ir, Rh or Pd; n is 2 or 3; CyN denotes a substituted or unsubstituted cyclic group containino a 
nitrogen atom connected to M and capable of containing another nitrogen atom an£o S°atom and Sc 
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and a linear or branched alkyl group having 1 - 20 carbon atoms capable of including one or at least two non- 
neighboring methylene groups which can be replaced with -O-, -S-, -CO-, -CO-O-, -O-CO-, -CH=CH- or -C^C- 
and capable of including a hydrogen atom which can be replaced with a fluorine atom; with the proviso that a sum 
of nitrogen atom and sulfur atom present in ring structures of CyN and CyC is at least 2. 

2. A device according to Claim 1 , wherein the metal coordination compound of formula (1) has a molecular structure 
free from a portion substantially causing intramolecular rotation and exhibits a peak emission wavelength of at 



3. A device according to Claim 1 or 2, wherein the metal coordination compound of formula (1 ) contains a liquid 
having a dipole moment of at most 7 debye and exhibits a peak emission wavelength of at least 550 nm. 

4. A device according to Claim 3, wherein the ligand has a dipole moment of at most 4 debye. 

5. A luminescence device, comprising an organic compound layer comprising a metal coordination compound, where- 
in the metal coordination compound has a molecular structure free from a portion substantially causing intramo- 
lecular rotation and exhibits a peak emission wavelength of at least 550 nm. 

6. A luminescence device, comprising an organic compound layer comprising a metal coordination compound, where- 
in the metal coordination compound contains a liquid having a dipole moment of at most 7 debye and exhibits a 
peak emission wavelength of at least 550 nm. 

7. A device according to Claim 6, wherein the ligand has a dipole moment of at most 4 debye. 

8. A device according to any one of Claims 1 -7, further comprising a pair of electrodes oppositely disposed to sandwich 
the organic compound layer, wherein a voltage is applied between the pair of electrodes to cause luminescence. 

9. A display apparatus, comprising: a luminescence device according to any one of Claims 1 -8 and drive means for 
driving the luminescence device. 

10. A metal coordination compound, adapted for use in a luminescence device, represented by the following formula 



wherein M denotes Ir, Rh or Pd; n is 2 or 3; CyN denotes a substituted or unsubstituted cyclic group containing a 
nitrogen atom connected to M and capable of containing another nitrogen atom and/or a sulfur atom; and CyC 
denotes a substituted or unsubstituted cyclic group containing a carbon atom connected to M and capable of 
containing a nitrogen atom and/or a sulfur atom, CyN and CyC being connected to each other via a covalent bond, 
and each of substituents for CyN and CyC being selected from the group consisting of a halogen atom; nttro group; 
a trialkylsilyl group containing three linear or branched alkyl groups each independently having 1 - 8 carbon atoms; 
and a linear or branched alkyl group having 1 - 20 carbon atoms capable of including one or at least two non- 
neighboring methylene groups which can be replaced with -O-, -S-, -CO-, -CO-O-, -O-CO-, -CH=CH- or -C=C- 
and capable of including a hydrogen atom which can be replaced with a fluorine atom; with the proviso that a sum 
of nitrogen atom and sulfur atom present in ring structures of CyN and CyC is at least 2. 

11. A compound according to Claim 10, which has a molecular structure free from a portion substantially causing 
intramolecular rotation and exhibits a peak emission wavelength of at least 550 nm. 

12. A compound according to Claim 10 or 11 , which contains a liquid having a dipole moment of at most 7 debye and 
exhibits a peak emission wavelength of at least 550 nm. 

13. A compound according to Claim 12, wherein the ligand has a dipole moment of at most 4 debye. 

14. A metal coordination compound adapted for use in a luminescence device, having a molecular structure free from 



least 550 nm. 



0): 




(1), 
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a portion substantially causing intramolecular rotation and exhibiting a peak emission wavelength of at least 550 



15. A metal coordination compound adapted for use in a luminescence device, containing a ligand havina a dioole 
moment of at most 7 debye and exhibiting a peak emission wavelength of at least 550 nm 9 P 

16. A compound according to Claim 15, wherein the ligand has a dipole moment of at most 4 debye. 
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FIG. IA 




FIG. IB 




FIG. IC 
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